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(54) SENSE AMPLIFIER CIRCUIT OF 
SEMICONDUCTOR STORAGE DEVICE 

(57) Abstract 

PURPOSE: To form a sense amplifier circuit of a 
semiconductor storage device which can remove 
offset and prevent lowering of rea d-out time 
from the memory cell. 

CONSTITUTION: Before reading-out data, 
switches SW1, SW2 are opened to detach a 
differential circuit 6 from the output line and 
switches SW3 to SW6 are closed to accumulate 
the offset voltage appearing in the output of the 
differential circuit 6 in capacitors CI. C2. At the 
time of reading-out data, switches SW3 to SW6 
are opened and SW1, SW2 are closed to offset 
the offset voltage accumulated in the capacitors 
CI, C2 from the input signal and to thereby 
cancel the offset voltage. 
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(57) [5»] 

UWfB©ffiTtB6±l/»S*#*Kti*«©'b>xy> 

imm] T-*<Dmihi>m^A-( »^sw 1 , sw2 

f SW3-SW6 £RBI^T^IIj[h3S§6 ©fcUifci-SltlSrf- 
* bmJE^n >T r >i^C 1 , C2l:ISU 7 s —* 
©ttffl85fc*>f y7-SW3~SW6*B8S, SW1, S 
W2*BbT3>f>tCl, C 2 icSHStifctf^-fe 




1 

SSffi b b3 tc S5ffiH16II!K<3D A *r * tfJgf b T S513;fr 7 -fe v 

SuIB^J >T r >it{-HulB^7-fe y MH^-^A ^>ti*«t 5 

bTiuIB^ifr0B©A*>£l5UBtb. fro 

y ME^SSls «^S8ttl b^^fusBm 1 <OW 
tfe3K^£*iI£i*froiiu8B» 2 ©tiO«|*^4IN*iitc b 
T\ mJlB^t U-fe;i/^^CDA^mjEi:BuIB3 >^>it^ 

tt. »*ai©***IB«*«0-b>^7>^lHlBo 
[Ii*JI3] fuIB^ >5^>1t{i> tuIB^i*lH3ff§cDA^ 

M1BJB 1 ©«J»*^ttN Susan >r>*!:»ilSK'J' 

7* >7°[HlS§o 

[§1**14] buSB^i >^>tM£. ^co — JB^gusB^ft 
EIH(5DtH*«Slcil^JS3R#tix 

m §3 si ib 0 s§<2 a * *k k * * m (s a (o m iz mm. $ n & $ 

SOW**?*:* 

[§ii*J!5 ] ^iB^i!/IIlSSkfifiS3^>T r >t>-kH5IB^ 
BlfWU^ Ktt'J>& < k& 2*igai*£ft> $ ^dSuSB'^fc 
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lBKISifcfflB^aMU SuSB'i>&< k& 2o£)3>^>1t 
iz, fte^^^®J0K^e><I^^^±i^n3<t^{3lul3l±i 

*«nft*s**j{B-rss §1**1 i ~4a>^-r*ifr£gB» 

© ^ 29^13 n m a © -te > * r > r@ss o 

bfrofuIBtfy klcjfcbTx S5I3 

^ttlElB^ h5S3^ ■=£ U -fe;i/fr £ <£>f§ 5 «t o izffl 
10 §f*Jl lftub5 0*«teaB«S«©*>*7 7 

[ii**i7] ^^y-b^t/frfetf^ n»»t:Rasnfc 

l(rK««EKaiHlB©Ui**lllt:»l)l*ns*"-f ^ ^ v 
U> b S.*?— [HB> 

^ 7^>1ts 43^^9513^^ yHr;u^^CD<l-^Ra5bmj^Bu 

«U Rfflb^iCH5aB^>7 s >it©3TEmmJE^:jam^# 
Tx bubB^W ^ v U > h ^ ^ — ®Bfc:«»*aE 
b, 1513«*teiSI§B©ai*{33atLS^-7-fe ^ b««t* 

ttffi««4E3S!IIBoai*«lt:S»*ns* ^ > b ^ ^~ 

fiffin >^>tM*s HuIBh^>^^^cOA^miSkmjf3 
SfjlB©JfflJ^I4tt^ 

fifjaB^^E y -fe;i/^^>©f§-^I^ffi bBfjtSiJgBtOSlsR^ 
il^-y-T, ill33>7 :: >it^?£mb> If tB bgHcituaBtfJ 

^ ka a <t o tifflnw-rawijiww^s*^ 

tr. HI*J«7©*«i*:|B«S8«0"fe>^7 > >naB« 
[11*119] HalBWaiSJW^fatts BuS3-eJ8l^^*« 
ii^i^fe^> r K l/^ffi^^Sfbb^OHfjaBt:^ m» 

$ n tz z t iz m b x m &wm* ? * & «a ic r 

[0 0 0 1 ] 

>7@BJ3B8 bx SRAM (X^t 1 ^^ 



(3 ) 

3 

IP 

-fe > 7 7 > nUB^M?" ^ o 
[ 0 3 0 2 ] * 

[«*©tt«] H2 OJ4«63fe©SRAM©— «*jS"T^ 

ictt^fffrfer b i^fi-^* 5 -^*. 5>*u !✓;■<« 

l-WLnSi»t5o Y7F U X fg^-^ =i ^ A — i0 
^3 ^tltr^- K£*l> e-y b£g*fBL 1 , / 

BL 1-BLn, /B L n&mtRT Ztz&bO^ ? A31JR 
l?CSLl-CSLnM*SJiS. Safs^/WE 
ttWE;ty 77 4£^L-£$iJ!HJ[i]S&5 {C-Sifetls ftH® 

[0 0 0 3 ] ^"7— F8WL 1 -WL lnht'>y b«g#t 
BL1, /BLl-BLn, /BLn0Mi:lt ^ 
U-b;i/MC 1 -MC4Asg»Sil4o ^^Ut/I/MC 1 

h7>y^^Q3, Q4fcfiIRl, R2h£#t?o b 20 
7>X77-^-bQl, Q 2 (D*tl?tl<D>f- bte? 
-FiWLli:gi^tl, h7>^77-y-hQl© 
Kl/^ >&tT y hiBLl h7>X77- 

w*— $ft>?xiy.i3 yzry >y£*u l i©7U ^77 
D^rfcirMtSo ffi©^ : eU"b;i/MC2-MC4 

[0 0 0 4 ] try m»B Ll, /B L 1 ©— SBHB^tt ^ 

*U pft^H7>^^Q5, Q 6 coy— MzfifciJ 

7>y^^Q5, Q6fcfctTy b^*fB Ll, /BL 1© 
fiSf fc&So try biitftB Ll, /B L 1 ©f&iglCtey 
f7>y7^Q7, Q8©F1/^ > tflSfiS^J'U V 
b7>y^^Q7, Q8^y-b^iir3^A^3- 

#"3 -fr^-D? A^l^fi^C S L 1 #-^;t *>n&o y— b 

h7>y^^Q7, Q8GDV — ^(i^— ^ L 

[ 0 0 0 5 ] HftlEiB6ttt:y hMB Ll, /BL1 

USA*/, ffiffiffi*#*Hi£ft£J;3t::« ffi^ntOSo 
fit, *»HlHettn^^*;i/ b7>v**Q 1 3- 
Q 1 6 fcS««E35C I t^^tSo Tt£lo*>, n^^^Jl 
h7>^7^Q15, Q 1 6 b icte^-* 

5o b 5 >v7 £ Q 1 5 © b* U>T >i& b 5 > y7 £ Q 1 

3©v-*£ b^>^^^Q 1 4®y- b icjg^^n, 50 
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h7>y^^Ql 6 CD >iih7>^^^Q 1 3© 

y— b £ h7>y^^Q 1 4©V — Xfc»l**ftSo b 
7>y^^Q13hQ14 CDS- Kl/-f >iiiItEV c 
c^-f >£SMK£*l*o h7>y7^Q15, Q16 

02 0£;fe^T»ii[ElBtt«l«2ftT^£o 
[0 0 0 6 ] 12 0 fc^LfcS R AM©atB»# 

tCOUTlftHJ^So 7^1/71^^7^X^*777 1 

fei:*H9- H1WL 1 ifiRtoZtiT r Hj 1/ 
^bfcftSo £fz» 7Fl/XA'777l^e>Y7Fl/7 

H**u ^hxii^7 Aii^ff^CS L l# rnj i/^ 
&^y-bQ7, Q8#«iiU tryb« 

MBL1, /BL1 ^f-^Stlgec^tlSo 9 — PflK 

WL l # thj l/^;W:^ottM)^hl:J:oT b ^ > 

7 7 7-y-bQl, Q2#i*iIU h'7^^h7>y 
7^Q3, Q 4 £7 U y 77D y 7*t;:gett 2 tlfc 

7-^t^H»BLl, /B L 1 £SfcfctJ£ftao C 
©h^s try bjjBfcfB L 1 , /BL10^, ^^EV-fe 
J1/MC1^ f"Lj l/^;i/^IBtiLTlM)y-h*t:j|l$ 

tiTOSte?*^ (-b;H:«toTSItt*nst*«) x 
(g^h^5b7>y^^Q5, Q 6 OSfiffi) O^BE 
^fdltlft So *tt. g^y-hQ7, Q8 

[0007] 0 2 Ota try bSSttBL 1 , /BL 1 ICS 

02 ltt«»£*it«rS0l*3SU d20<9bv 
>^7^Q5, Q6, y^yt^MCl, MC2, gft 

*©f6©liBte«»&£*iT^So :©12im 
f2 2 0 fc3SLfc*i!iigB6 fcttiT««««EIB7i«tt 

tt^nru&o ttatfcaiHiB7ttt^ b^^fB li, / 

B L 1 tc£l>fcS«tCDli N rtfo^^^'J-feMC 1 - 
MC 2 ©«SKffli4/hdl^5EfifHlT-tti*-rs*(3DT-ft 
!K t*;i/h7>^7^Q2 1-Q244ttr. b 
7>y7^Q21, Q2 2(DV-7l:iii^L^oei 
y-b*^LTtry bi^^BL 1, /BLl^^r-^ 
^X^So h7>y^^Q21, Q2 2l«©y- 
bi: HU-T >i:* s ^D^*y 7";i/gJK*n, b ^ > v X 
^Q23, Q 2 40 V— X icgci^^ tlT USo b ^ > v 
7£Q23, Q 2 4^^- bfcUgift^fts *tl?tl(D b* 
l/>f>{ih7>y'7^Q25, Q2 6(0^nftl®y- 
bil HU^f >fctai«$n, b 7>v7 ?Q2 5, Q 2 

[0008] F7>y7?Q2 5 , Q26tab^>v7 
^Q27, Q2 8fci:*t*b> h^7-0B*«di-r 



I 



5 

m 

Z>o b7>yX^Q27, Q 2 8 <Z> H W >lzl* b ^ > 
y^^Q2 9, Q3 h ^—HIK 9 # 

" ig^ftTO£s ^bTs h7>y^^Q25, Q26 

^Q27, Q 2 8 ^/MT^J b > b ^-[h]S§9 iC-^-x. 
£o-£LTs h7>y7^Q3O0V-^hb7>y^ 

& o 

[ooo9]02i iz^Ltzm^m^x^— $<di%& 

b^^T^5m^-fe>^HI5§^> 02 0 kl^bfect^t: 
ybSSfcfBLl, /BL 10A5tSi#**tV-l« 

[0010] 

7-fe y h«BE«I^>«at«fc:ffla"rs****l*^>*ffi 

A*£n&< $>s— ^^iqiicfi-pfcm^^wen 

T b ^ -5 o 

[0011102 2{i0 2 Ofcl3j*bfc3II&[I]B6 

ft^o 02 o{c^b/t«ffi-b>^*5a©a^x Hi&HB 

6 b ttrWin^OMOS b ^ >y^n« 

©£#;tTU£<2T% 0 2 2 lZ7F-f£o\Z, m 
£fflS^S*S2*f5^«BE«R (*:7-fe y b«BE*0 1 

o, i i ftmwtztiTi^zcDtmmtzvtmiztz&o b£ 

Z(D*7*v b 3&MST Itl^C^h 

*T>;r©A73{i^cDA££ (*#Wfcli^^U I C© 
tabs h-?)lO**V<Dffi&LmF3*m<T2>Wmt 
[0 0 1 2102 3(ii2 1 lc^Lfc««L<£i£[HlKk:*5 

co0T-$>5o 02 l Jc^bfcS8ft-t>^^S;©iHll8t-*5 
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#£g£b&i^#>. n 2 3 ts^bfc*t -5 tiawata 

3fcj£[H)S§ 1 2©A^/5S^cD^tC^7-fe y b *IS 
■rs*S**«o«jlEai h«»JB) 13#S 

^^[iI«iCbT, A*{S^#A;fr£*lfc<T* (3 Sift 

-fe y b 4BlBftl^T^^ V Hr;u^&©attJbWFHcDffiT* 
RS±bt#S^*frIBffi^MC5-fe>^r>r[HSS*««-r 

[00141 z<Dftm<Dffi.<DB#)lt, *E4-b>^tS 

20 KtsckTffta. 

[0015] £G>«w<z>i* jcfboa Wtt, m^-fe 

* 5 A 3 fc*»#B««M©Hr >*T >:T||]»* 
[0016] 

^^ytj^^^ b«a»^Ktts^nfc«ffiHS:iii(B-r 

-fey b«E**-V>^;i/-rs*4f#:«3«««CD-fe>^r 

£?g^U ^^EU-fe;i/^e)©A*«£Efc3>^>lt^8 
*«i:*llitT«rt*ti*. 

[0017] li^JB 2 tC«^*^T-tt, 1 ©Wlft 

2<Dwmm?ts ^^EyHr^^feoa^Hsai/ifrti, » 

1 ©W«IJR?*^«iiicbT^i!jilBOA*«:«J«b. 

H^^^b, fB*Kab»fc» i 
iz m m ? z> »j n ¥ a t * ft tr • 

[0 0 18] B*?B3fc:«S*Wt?ttx ll*iI2co^> 
^>^(is ^i6@BcDA*flBiciSyiJlgtS?fiv gllCDtJO 



I 



7 

£>Jg^/£ h Sflfi ^ © c $ ft £ SB 3 <Dwmm ? 

i»EII80X*«li:lB**fc©PJt«*l5*ftS!B4 
'[0 0 19] W*JH4«Z«S«WTtt, W*Ji3©3> 
ft, m 1 ©WSlR^tts 36»lllB©A*«lkbry h»» 

«fc©nta»iiSft^ f^cDizmiit^tes ^ttjssgcDA 

*j(li:*ip«ffii:0lBfc:»tt*ftaJB 5 ©ta«OR?4:, 
3>^>lf ©ffi«i:S*(S«ffii:CDPatcjga^ftS^ 6 ® 

[ 0 0 2 0] W»a5lC«SI8Wetts B5RJKlfcl>L 

ii N '>£ < 2ocDn>7 ? >ifcDV^Tft^— ^i-^-^ 

[0 0 2 1 ] R*Ja6^«-5SSW^ii. af^mfcl^b 
4CDWSlSiJfflP¥Sttx D>r>itt:t7-tr^hiff^:S 

^ftfe^hiCifebT, ^tfrE^tcy ^ u ^;^fr'b©{M- i §- 
[0 0 2 2 ] H»:RJS7k:«S#Sfi8WU ^ty-fe;i/*« 
BB*^^ «SKtei3HSB©ai*fc:Sift^^"^-b y M 

T-&^>T. «ateis@B©ffl**t-s«s^ftsy>f ^ ^ 
■eKffibHu^^^-b^ b mattes^ *r a •bes^v^v 

«s 7^ \y^#b> b ^ 7-BBtl*t»l, 
««Eie3ai[elB©tB*^31ftS^7-fey MS^M^t 

ssj»¥S*iSiT«j5e*ftSo 
[0023] »*a8tc«a*WTtt, m^mi<o¥J 

ff§2cDmfigk#:*7U> b ^7-®Bi:S*«ffii:©PJ^ 

>s/*^^©A*«akat*mtti:©Bi«3a«*ftx sj» 

[ 0 0 2 4 ] iI*3S9tC^^>^^T-(i> 11*^8©^^ 
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[ 0 0 2 5 ] 

T> ^Kl£]5§cDyB±;(3^ft^^^-tr y bSJE^^i 
*l:I*U ttffiL»£26ttl3B©A**«*U ^ 

[0 0 2 6 ] »*JB2(C«RS«ratt N ;*^y-fe;i/*&© 
fl^IfctB btuic, ^f&[S&0)A;k£gif^;*ftT^£^ 1 

©««i*^*^*a^bT^»i5]BoA**«j«b, Sf§ 
■^jB2CDtasijii?*#aiaic-r*ci:t:ctoT, 

■fe;i/^^>c3DA^^: J Ei:3J>T ? >ltl3SS$ftfemffi^tl 

[0027] a*a3i:«555wm iimffiox^ 
20 ^iz^y^yy-zmwmm^, mm^m^mizzcD^ > 

3R?fcllifciaBOAA*kHi**«4:©IB^»l»*ftSl! 
4©WtfejR^*WjI3ii\ «*BSffiL«fc* loWSUR 
^SHil^S h k & 3 *3 J^Vft 4 Otoai*^ ** 

[0 0 2 8] »*ffl4t:«a«Wett, ^H?lH]SScDtB7a 

30 ©A*i«fcbr^ b«#«fc©Hfc»K£ftfc» 1 cd^U^ 
3frP*#*ilfc:U fro^ft@B©A:fcMkS¥«ffik 

ti-TS i: i: * fc* 5 *5 JlV» 6 ©UOlftSlt^t* 
[ 0 0 2 9 ] IIS<II5 £«3#8WT-tt, ^»l£]B^3> 

^>*k«»M»*a* / >«;< k* 2iB»», 2ffi©H 

[ 0 0 3 0 ] If #11 6 izi&ZftWlZ, Z2>?>y-lz*7 
y h A s aiR £ ftfe d k b T^fSHB p< U -t 

Z> o 

[003 i] »*x>7fc:«a«wtt, m.^>^m&T 

50 fe^Ts ^^y-b^^feoXl^tttBLKric^-^-by Ml 
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[0 0 3 3 ] »*S9i:«5«ffim 7Fl/^i^^ 
IR?$^*3iicb> h^>^;**fre>#u>h^ — @ 

S&£mat£S£bT:*7Hz y MffiS^rt >tM N ftflt 
[0 0 3 4] 

X7>71 4#t£tt£>ft£o *7Hry b^r^ >H?;i/$|#£ 

tu€>3 >^>it C 1 , C2h. zi>T f >HtCl, C2h 
T^-^UkcJDlB^lSiaSJiS^Y y^SW 1 , SW2 



f SW3, SW4h, H»iaHecDAtH*IBt«8l5*n 
S7>f^f SW5, SW6h£^*fo CCD*«B«C*5W 
£^-*®«fcti»K1Mi. ft#«OH2 0i:Hl;T*Sfe 

7>714 ti S MISSES 6 <D*y± y h * > -fe 
i2i:^tJ;oi:, H1&[h1K6 ©A*rfllfc::d-7-fe y hi 

10 EVosi > V 0 S2 *S«t7-b7 Miff*© 10,11 

[0 0 3 5 ] C0h^, £mm§ 6 CD A^rigcDmjE 

Vii, Vi2kffl**IH©«EEVoi, V 0 2«i. ii^IS^Ah 
t^ils (1) ;£T'Slfr£*l£o 

[0 0 3 6 ] 

mi ] 

( Vm - V 02 ) = -^{Vi, - 

[0 0 3 7]^7*y hmEVosi , V 0 S2 £^>^> 
*C1, C 2£«x£fc:#)£s X^yfSWl, SW2 
20 £H5£s *>f S W3-SW6 &m^Z> M3lZ^ 

■fiass^fctu =3 v^vitc i ©f^^mfiEii v C c- 
v C i, fcfctK ^ >^>itc 2 ©j^ismH^ v C c- V C 2 
hfcSo vci-v C 2ii*©SB (2) 

[0 0 3 8] 
[»2 ] 



V r ci-Vc2 = ~A(Vii-Vi 2 ) 

= -v4(V C i - Vosi ~ Vc2 " Vosz) 
= -A(Va ~ Vc2~ (Vosi + V032)) 

.'. V C i - Vc2 = < y osi + V0S2) « Vosi + Vosz 



(■•• 



j4 >> 1, 



A + 



[0 0 3 9 ] 3>r>t)-Cl, C 2 lz*7*: y Mff V 
OSl > V 0 S2 tfSA^ftfcttfliT-, ^^fyf SW3-S 

we^Fl^s x^^swi, sw2^ii;§t H4 

k^-TttlBhfc ?K Hz>*®EEVi Na , ViNb #A*2 



(3) ^T*a$n^>o 

[0 0 4 0] 
[fS3] 



Vtf* - Vob = "-AC V;Na " ( Vcc " V C l) " V<» 

"(ViNfr - ( Vcc ~ V C2 ) + VoS2}] 
= -A[ViNa ~ ViNb - VCC + Vcc 

+ Vci _ Vc2 — Vosi — Vc>S2] 

= ->i(V/jsfe, ~ VjNb + (Vci " V cz ) - (Vosi + Vosi)} 
(v V C i - Vc2 - Vosi + V^) 



[0 0 4 1 ] iiiHOl (3) A**e>W6*a«t-5iCs =» 
> 7^ > it C 1 , C 2 kiaHBSftfc;*?* y b«Etc 



5(? 



[0042] b£#oT. CO^fflfi^Ji-ctn^s Hz>X 



t 



11 

<m 

7>7CD*7-t y h CD It -d § £ % £ & <x & O CD 

L 1 , /B L 1 £JRft3«ffi©fi«*iBBfil± 

[0 0 4 3 ] H5i4^7-fe y h*^>-b;mffiftr-fe>^ 

*388cU ^>^>1fC3, C 4©{fe«!i:«fi»«JEV c 
chOlC^^^fSWS, S W6 £}g^bfc&<£>T-& 
6o ^CDWT-tts ^-f 7f SW1, SW2^1I, 
^SW3-SW6hfli:T^>r>tC3, C 4 

hSESStls -/^SW3~SW6<£>M 

3, c 4 izmfez tut* y * v h«EEi:*ttia»6*e> 

[0 0 4 4 ] 0 6li0 1l:?Nbfct7t^ hmEE^r^> 

* *Q 1 5 1 6 CD V — ^ {4 

>W ^5 1 SWl-SW4(i^n j etln5 L t^;i/h7>^ 
7.^T*M^nTV>T, ^Yff SW1, SW2lifBi 

S**i # r H j *-f 7f sw 

3, sw4Mii^^ * thj U"<;i/fc:fcs4:«*« 

-T^o 7^fyfSW5, SW6iiftL^nn^t*;i/h 

b 7>y7^®y- b iciiSJiBfg^^3 #-f wt 

[ 0 0 4 5 ] H7*$J:rfia8ttia6fc:jSUfc»J»«-9^ 

[0 0 4 6 ] |7ii7 Kb^fs-^©*fbfc:jiBUTATD 
M*«SU H8ttATD«^fcJ6fcTfM««9tfo 

U*fi^#-f W*— * 2 1 - 2 4 Til® $ tlx n^** 
;i/h7>y^^Q3 lhpf ^^;i/h7>y^^Q34 

©y-Mc^*£ft£i:£*t;:x -f 2 5T?K(E 
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